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0 Exercise treadmilL 

0 To improve tracking, an exercise treadmill is 
provided with a frame including molded plastic pul- 
leys, having an integral gear belt sprocket, an end- 
<>Jless belt extending around the pulleys and a motor 
^operatively connected to the rear pulley to drive the 
^beit The pulleys are molded out of plastic and have 
C4^ diameter of approximately nine inches. A deck 
underneath the running surface of the belt is sup- 
CO ported by resilient members. A positive lateral belt 
O tracking mechanism is used to correct the lateral 
^position of the belt. A belt position sensor mecha- 
Onism is used in combination with a front pulley 
pivoting mechanism to maintain the belt in the de- 
yj sired lateral position on the pulleys. The exercise 
treadmill also includes a lift mechanism wl.th an 
internally threaded brass or steel sleeve engaged to 



vertically aligned nonrotating screws. A user display 
of foot impact force on the belt is also provided. 
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EXERCISE TREADMILL 



Field Of the Invention 

The invention generally relates to exercise 
equipment and in particular to exercise treadmills. 

Background of the invention 

Exercise treadmills are widely used for various 
purposes. Exercise treadmills are, for example, 
used for performing walking or running aerobic- 
type exercise while the user remains in a relatively 
stationary position. Further, exercise treadmills are 
used for diagnostic and therapeutic purposes. For 
all of these purposes, the person on the exercise 
treadmill normally performs an exercise routine at a 
relatively steady and continuous level of physical 
activity. Examples of such treadmills are illustrated 
in U.S. Patents 4.635.928, 4.659.074. 4.664.371. 
4.334.676. 4,635.927, 4.643.41 8, 4.749.1 81 . 
4.614,337 and 3.711.812. 

Exercise treadmills typically have an endless 
running surface which is extended between and 
movable around two substantially parallel pulleys at 
each end of the treadmill. The running surface may 
be comprised of a belt of a rubber-like material, or 
alternatively, the running surface may be com- 
prised of a number of slats positioned substantially 
parallel to one another attached to one or more 
bands which are extended around the pulleys. In 
either case, the belt or band is relatively thin. The 
belt is normally driven by a motor rotating the front 
pulley. The speed of the motor is adjustable by the 
user so that the level of exercise can be adjusted 
to simulate running or walking as desired. 

The belt is typically supported along at least its 
upper length between the pulleys by one of several 
well-known designs in order to support the weight 
of the user. For example, rollers may be positioned 
directly below the belt to support the weight of the 
user. Another approach is to provide a deck or 
support surface beneath the belt, such as a wood 
panel, in order to provide the required support. 
Here a low-friction sheet or laminate is usually 
provided on the deck surface to reduce the friction 
between the deck surface and the belt. Because 
the belt engages the deck surface, friction between 
the belt and the deck arises and the belt is there- 
fore subject to wear. Further, most of the decks are 
rigid resulting in high impact loads as the user's 
feet contact the belt and the deck. This is often 
perceived by users as being uncomfortable and 
further can result in unnecessary damage to joints 
as compared to running on a softer surface. 

Because the typical treadmill has a very stiff. 



hard running surface and can become uncomfort- 
able for extended periods of running, some manu- 
facturers have applied a resilient coating to the 
running surface, such as rubber or carpeting, to 

5 reduce foot impact. Unfortunately, these surfaces 
for the most part have not provided the desired 
level of comfort since the running surface tends to 
retain its Inherent stiffness. Attempts to solve this 
problem by using a thicker belt to provide more of 

10 a shock absorbent running surface have not been 
successful for the reasons pointed out in U.S. Pat- 
ent No. 4.614,337. Specifically, the thickness of the 
belt has to be limited in order to limit the drive 
power to reasonable levels. In other words, the 

75 thicker the belt, the more power that is required to 
drive the pulley. To keep the size of the motor to 
reasonable levels, it has been necessary to keep 
the thickness of the belt relatively thin. As dis- 
cussed below, the power of the motor required to 

20 drive a pulley is also related to the size of the 
pulleys. 

Pulleys used in current exercise treadmills typi- 
cally are made of steel or aluminum and as such 
are relatively expensive to make and are relatively 

25 heavy. Therefore, because of tooling, manufactur- 
ing and material costs, the diameter of the pulleys 
are normally no larger than three to four inches. 

The pulleys used in current exercise treadmills 
are typically of a "convex" or of a "cambered** 

30 design and as such have a substantially inwardly 
sloping profile with a portion of the pulley having a 
larger diameter, or crown, at the center. The 
convex-type pulley has a rounded crown at its 
center portion and the cambered-type pulley has a 

35 cylindrical center section between conical ends. 
The purpose of using these two types of pulleys is 
to maintain "tracking" of the belt since it has been 
determined that the belt is less likely to slide from 
side to side on the pulley during rotation if the 

40 pulley has a crown. However, belts on convex- or 
camber-type pulleys also tend to be sensitive to 
improper adjustment and side loading, which can 
occur when the user is not running on the center of 
the belt. 

45 Also, the diameter of the pulley directly affects 

the power required to rotate the pulley as does the 
thickness of the belt. If the diameter of the pulleys 
is relatively small, the thickness of the belt must be 
kept relatively thin. As the diameter of the pulley is 

50 increased, the belt may be made thicker for the 
same amount of power available to drive the pul- 
leys. As discussed above, the thicker the belt, the 
more shock the belt will absorb. * 

Another source of belt wear on existing ex- 
ercise treadmills results from the fact that it is 
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normally the front belt pulley that Is driven by the 
motor, and not the rear belt pulley. In such a front 
drive arrangement, the belt has a tendency to 
develop a slack portion on the upper or running 
surface of the belt which tends to increase wear of 5 
the belt. Because existing treadmills have relatively 
small diameter belt pulleys, it has not been prac- 
tical to locate the drive motor such that the rear 
belt pulley can be driven by the motor. 

Another advantage to larger diameter pulleys is io 
increased belt life. It has been determined that 
stresses induced in the belt due to bending are • 
decreased with larger diameter pulleys. 

Since most pulleys currently use the convex- 
or camber-type configuration as a belt guide, as is 
discussed above, the belts are still sensitive to 
improper adjustment and side loading. A system 
whereby a more positive, lateral "tracking" or guid- 
ance of the belt is achieved during rotation is 
therefore desirable. 20 

Many current exercise treadmills also have the 
ability to provide a variable incline to the treadmill. 
Normally, the entire apparatus is inclined, not just 
the running surface. There are a number of ex- 
ercise treadmills having manual or power driven 25 
inclination systems to take advantage of the fact 
that the exercise effort, or aerobic effect, can be 
varied greatly with small changes in inclination. For 
example, a seven percent grade doubles the 
aerobic or cardiovascular effort compared to level 30 
walking or running exercise. 

Current inclination or lift mechanisms typically 
comprise a toothed post in a rack-and-pinion ar- 
rangement or a threaded post on which a sprocket 
attached to the treadmill frame is rotated upwards 35 
to lift the treadmill. In both arrangements, the post 
must be at a height equivalent to the height of 
travel of the treadmill frame to accommodate the 
travel of the pinion or sprocket. The length of the 
post tends to compromise the aesthetics of the 40 
treadmill since the post has to extend beyond the 
plane of the running surface in order to provide the 
desired inclination of the running surface. There- 
fore, a lift mechanism with a large extension rota- 
tion which would fit primarily within the treadmill 45 
enclosure Is desired. 

The stride with which the treadmill user per- 
forms his or her exercise routine also has an effect 
on the user's body because the resultant force on 
the user's body increases as the stride Increases. If so 
the user is running relatively hard, especially over a 
period of time, physical damage to the user's feet 
and legs can occur. The larger the resultant force, 
the greater the likelihood of physical damage. If a 
user's stride results in a force (measured in 55 
pounds) which is about equal to or greater than 
twice the user's body weight, the force can be 
considered excessive. Therefore, a sensor which 



could measure the force or impact on the treadmill 
by a user Is desired. 

Summary of the Invention 

It is therefore an object of the invention to 
provide an exercise treadmill having a shock absor- 
bent running surface by providing resilient mem- 
bers to support a deck located under a belt. 

It is also an object of the invention to provide 
molded plastic belt pulleys having a large diameter 
including a drive gear portion integrally molded into 
one of the pulleys. 

It is a further object of the invention to provide 
an exercise treadmill in which the belt is driven by 
the rear belt pulley. 

it is a further object of the invention to provide 
a more positive lateral "tracking" or guidance 
mechanism for the belt. 

It is another object to provide a lift mechanism 
to incline the treadmill running surface that fits 
primarily within a treadmill enclosure. 

In particular, an exercise treadmill is provided 
in which a belt is supported for a portion of its 
length between a pair of pulleys and a deck sup- 
ported by resilient members in combination with a 
resilient belt. The thickness of the belt is preferably 
approximately 0.20 inches. Further, the deck is 
fixed to resilient members at several points, permit- 
ting the deck to partially float on the deck frame 
when stepped upon, resulting in even lower impact 
loads on the user feet and legs. 

The belt pulley construction can be, alternative- 
ly, straight cylindrical, convex, or a cylindrical cen- 
ter section and conical ends (cambered). The belt 
pulleys also have a relatively large diameter, pref- 
erably approximately nine inches. The pulleys are 
of a molded plastic construction and a drive belt 
portion can be molded as part of the pulley. Possi- 
ble plastic materials from which the pulleys can be 
molded include glass-filled polypropylene, polysty- 
rene, polycarbonate, polyurethane and polyester. 

The use of large diameter pulleys is facilitated 
through the use of a plastic construction, rather 
than a steel construction. The large diameter of the 
pulleys permits the use of thicker belts which can 
be made to be more shock-absorbing than cur- 
rently used belts. User comfort is therefore further 
enhanced. 

A belt position sensor mechanism provides for 
positive lateral tracking of the belt. As a result, the 
belt is prevented from laterally sliding too far to 
one side of the pulley so that it contacts a frame or 
other portions of the structure, resulting in a reduc- 
tion of wear or damage to the belt. This arrange- 
ment is also less sensitive to improper adjustment 
and side loading. 
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The sensor mechanism Includes an arm which 
is spring biased to one edge of the lower run of the 
belt, preferably near the front belt pulley. As the 
belt moves to one side or the other on the front 
pulley, the arm moves in the same direction as the 
lateral movement of the belt. In one of two designs, 
a Hall effect sensor connected to the arm elec- 
trically measures the lateral movement of the belt, 
and the electrical signals are transmitted to a 
microprocessor. If correction of the belt position is 
required, the microprocessor will activate a front 
pulley pivoting mechanism to pivot one end of the 
front pulley in a longitudinal direction, either to- 
wards the front or towards the rear of the treadmill. 
Since the belt will tend to move towards the lateral 
(transverse) direction in which the belt tension is 
lower, the front pulley will be pivoted towards the 
front of the treadmill to move the belt to the left, 
and towards the rear of the treadmill to move the 
belt to the right. The front pulley pivoting mecha- 
nism uses a pivot block for holding one end of the 
pulley axle and a guide block for the other end of 
the front axle that selectively moves along a lon- 
gitudinal path from front to rear to create the pivot. 

Also, a lift mechanism for the exercise treadmill 
is provided which includes an internally threaded 
sprocket assembly which, when driven, forces a 
non-rotating screw, threaded to the sprocket as- 
sembly against the floor thereby Inclining the unit. 
A lift mechanism with a large extension ratio which 
can fit primarily within a side enclosure of the 
treadmill Is therefore made possible. 

An Impact sensor mechanism is also provided 
to measure the relative force created on the deck 
by the treadmill user. The impact sensor mecha- 
nism includes an arm, having a pair of magnets, 
which Is spring biased against the lower surface of 
the deck. As the deck flexes downward when the 
user's feet impact the deck, the impact sensor arm 
is also deflected downward. A Halt effect sensor 
secured to the frame between the magnets elec- 
trically measures the downward deflection of the 
deck, and the electrical signals are transmitted to a 
microprocessor. The downward deflection of the 
deck is a function of the foot impact force and is 
related to the compressibility of the resilient sup- 
port members supporting the deck. The micropro- 
cessor calculates the impact force by comparing 
the measured deflection to empirical values. Also, a 
relative force value is calculated, based on an 
inputted value for the user's body weight. 



Brief Description of the Drawings 

FIG. 1 is a perspective view of an assembled 
exercise treadmill: 

FIGS. 2A and 2B provide sectioned side 



views along the lines 2A-2A and 28-28. respec- 
tively of FIGS. 1, 3A and 3C illustrating the Internal 
assembly of the exercise treadmill; 

FIGS. 3A, 38 and 3C provide sectioned top 
5 views of FIG. 1 from front to back. Illustrating the 
internal lift assembly of the exercise treadmill and 
the spacing of spring post assemblies; 

FIG. 4 is a sectioned front view of the ex- 
ercise treadmill of FIG. 1, illustrating the internal lift 
10 assembly; 

FIG. 5 is a partial sectioned longitudinal view 
illustrating an assembled cambered-type rear belt 
pulley; 

FIG. 6 is an exploded, perspective view of 
75 the rear belt pulley of FIG. 5; 

FIG. 7 is a top view of the impact sensor; 
FIG. 8 is a side view of the impact sensor of 
FIG, 7; 

FIG. 9 is a graph of dynamic force versus 
20 downward deflection of the deck; 

FIG. 10 is a perspective view illustrating the 
placement of the belt sensing mechanism and the 
front pulley pivoting mechanism; 

FIG. 11 is a perspective view of the belt 
25 sensing mechanism. 

FIG. 12 is a top view of the pivoting move- 
ment of the sensor arm of the belt sensing mecha- 
nism in FIG. 11; 

FIG. 13 is a perspective view of an alter- 
30 native embodiment for the belt sensing mecha- 
nism; 

FIG. 14 is an exploded, perspective view of 
the placement of one of the resilient member as- 
semblies shown in FIGS. 2A and 28; 
35 FIG. 15 is a right side view of the idler 

pulley, illustrating the speed sensor magnets; 

FIG. 16 is a functional block diagram illus- 
trating the integrated control scheme; and 

FIG. 17 is a diagram illustrating the impact 
40 force display. 

Detaiied Description of the Invention 

FIG. 1 provides a perspective view of an as- 
45 sembled exercise treadmill 10. The treadmill 10 
has a lower frame portions portions 12 and 12 
housing the internal mechanical components of the 
treadmill 10, as discussed below. Projecting upwar- 
dly from frame 12 and 12' are a pair of railing 
50 posts 14 and 14'. As illustrated in FIG. 1. railing 
posts 14 and 14' are slightly tilted from perpen- 
dicular relative to lower frame 12 and 12 . primarily 
for aesthetic purposes. Secured to the tops of 
railing posts 14 and 14' are a pair of side raits 16 
55 and 16'. respectively. Side rails 16 and 16 provide 
the treadmill user with a means of support either 
during the entire exercise period or for an initial 
period until the user has assimilated himself to the 
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speed of the treadmill. Extending between and 
attached to the side rails 16 and 16' is a control 
panel 18 on cross member 19. Control panel 18 
Includes electronic controls and information dis- 
plays which are typically provided on exercise 
treadmills for adjusting the speed of treadmill 10, 
for operating a lift mechanism for inclining the 
entire exercise treadmill 10, among other features, 
as will be discussed in connection with FIG. 16. 

In normal operation, the user will step onto a 
belt 20, positioning himself between the frame por- 
tions 16 and 16. As belt 20 begins to move, the 
user will start a walking motion towards the front of 
the treadmill 10. Alternatively, the treadmill 10 may 
be set up to automatically begin to move at a 
speed according to a value entered from control 
panel 18. The pace of the walking motion may be 
Increased into a brisk walk or run, depending upon 
the speed of the belt 20. The speed of bell 20 can 
be controlled by the adjustment of the controls on 
panel 18, along with the adjustment of the inclina- 
tion of the treadmill 10, as will be discussed in 
connection with FIG. 16. 

A drive assembly for the belt 20 is generally 
illustrated in the Figures, and more particularly in 
FIGS. 2A, 2B. 3A. 3B and 3C. A front belt pulley 22 
is rotatably mounted on a first axle 24. A second, 
rear belt pulley 28 is rotatably supported on a 
second axle 30 which is in turn secured to the 
frame portions 26 and 26' within the frame portions 
12 and 12' by fasteners 31 and 31 '. respectively. 
Step surfaces 27 and 27' run longitudinally from 
front to rear of treadmill 10. Along with enclosures 
12 and 12'. step surfaces 27 and 27' provide a 
surface upon which a treadmill user can step onto 
before, during or after the belt 20 begins to move. 
Step surfaces 27 and 27' are supported on either 
frame 26 or 26' by a plurality of support members 
29. The rear belt pulley 28 is positioned substan- 
tially parallel to the front pulley 22. The bolt 20 Is 
looped around pulleys 22 and 28 for movement 
therearound. to form an upper run or length and a 
lower run or length of the belt. 

The front pulley 22 and rear belt pulley 28 can 
be of any type of construction, for example, of 
either a straight cylindrical-type construction, a 
convex-type construction, or a cylindrical center 
section and conical ends-type construction 
(cambered pulley). Convex-type pulleys are espe- 
cially useful since belts have the property of mov- 
ing towards the middle of a convex pulley, towards 
the pulley "crown". Since convex-type pulleys in- 
volve relatively high production costs, cambered- 
type pulleys are often used instead, with the transi- 
tions from the conical sections to the cylindrical 
section being rounded off in order to approximate a 
convex shape. 

However, through the use of the positive lateral 



belt tracking and positioning mechanism discussed 
below, the need for a specific type of pulley is 
decreased. For example, although straight cylin- 
drical pulleys have the least belt guidance char- 

5 acteristics of the three types of pulleys discussed 
above since there is no middle, "crowned" portion 
for the belt to move towards, straight cylindrical- 
type pulleys can also be used in combination with 
the positive lateral belt tracking mechanism, which 

10 makes any needed corrections in the lateral posi- 
tion of the belt. 

The use of the positive lateral tracking arrange- 
ment therefore prevents the belt 20 from travelling 
too far to one side of either pulley 22 or 28 such 

75 that it contacts either frame portion 26 or 26 . Also, 
as discussed above, induced stresses and sensitiv- 
ity to improper adjustment are decreased through 
the use of this arrangement. 

Preferably, the pulleys 22 and 28 are of the 

20 same relatively large diameter, and preferably in 
the range of seven to ten inches, and most prefer- 
ably about nine inches. Pulleys 22 and 28 are also 
preferably of a molded plastic construction. Suit- 
able materials from which pulleys 22 and 28 can 

25 be molded include glass-filled polypropylene, poly- 
styrene, polycarbonate, polyurethane and polyes- 
ter. Economical manufacture of the pulleys 22 and 
28 having such a relatively large diameter is facili- 
tated through the use of this plastic material. The 

30 relatively large diameter of pulleys 22 and 28 has a 
significant advantage in that it permits the use of a 
thicker belt 20, which can be made to be more 
shock absorbent than most currently used belts. 
The thickness of the belt 20 is preferably on the 

35 order of 0.20 inches or more. 

A two-piece embodiment of the rear pulley 28 
Is presented in FIGS. 5 and 6. Specifically, rear 
pulley 28 includes a body 36 and a second portion 
or cap 38. Depending on the desired pulley con- 

40 struction, body 36 is preferably either straight cylin- 
drical, convex or have a cylindrical center section 
with conical ends. As illustrated, body 36 has a 
cylindrical center section 32 with conical ends 34 
and 34'. generally known as a cambered-type pul- 

45 ley. A number of angularly spaced support ele- 
ments indicated by reference numeral 42 are integ- 
rally molded with the cap 38 to provide structural 
rigidity. A portion 44 of the molded cap 38 extends 
into the end 40 of cambered body 36. The molded 

50 cap 38 is secured to the cambered body 36 by any 
one of a variety of known securing means including 
the press fit anrangement shown In FIGS. 5 and 6. 
In addition to the press fit arrangement, one or 
more cap screws 40 are used to secure cambered 

55 body 36 and cap 38 together. Molded cap 38 and 
the other, integral end 46 of the cambered body 36 
each include a bearing assembly 48 and 48', re- 
spectively, for attachment to the second axle 30. 
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As a user steps on the belt 20 during normal 
operation of the treadmill 10, the belt 20 will tend 
to flex or bend under the weight of the user. The 
belt 20 is supported for a portion of its length 
between the pulleys 22 and 28 by a deck 50. as 
shown in FIGS, 2A and 2B. Deck 50 can be made 
of any suitable material, preferably maple hard- 
wood or a suitable composite material, and pro- 
vides a support surface located such that the belt 
20 will flex or bend downwardly until it contacts the 
top surface 51 of deck 50. The thickness of deck 
50 also partially determines the downward flex of 
the deck 50. For example, a deck thickness of 
5/8th$ inches provides more of a flex than a deck 
thickness of 3/4ths inches. Generally, the down- 
ward flex of deck 50 increases with decreasing 
deck thickness. The thickness of deck 50 is there- 
fore chosen to provide a desired flex. 

To reduce friction between the underside of the 
upper run of belt 20 and the top surface 51 of deck 
50, a low friction laminate or other coating can be 
applied to either the top surface 51 of the deck 50 
or the underside of belt 20. or both. Preferably, a 
coating of a suitable wax or silicone is applied to 
the underside of belt 20. 

FIGS. 2A. 2B, 3A, 3B. 30 and 4 illustrate the 
preferred arrangement for supporting the deck 50. 
Specifically, deck 50 is secured to a lightweight 
steel deck support structure, indicated generally at 
52. The deck support structure 52 includes a pair 
of laterally spaced longitudinal support members 
54 and 56 that in turn are each secured to a set of 
parallel crossbars 58, 60, 62 and 64. Crossbars 58. 
60. 62 and 64 extend transversely from one side of 
the treadmill 10 to the other. Longitudinal member 
54 is attached to each of crossbars 58. 60, 62 and 
64 with pins or rivets 66, 68. 70 and 72. respec- 
tively; longitudinal member 56 is attached to each 
of crossbars 58, 60. 62 and 64 with pins or rivets 
74. 76. 78 and 80, respectively. In tum. crossbar 60 
is attached to frame portions 26 and 26' with 
fasteners 86 and 88, respectively, and crossbar 62 
is attached to frame portions 26 and 26' with 
fasteners 90 and 92. respectively. Further, cross- 
bars 58, 60, 62 and 64 can be constructed, either 
by a choice of appropriate material or thickness, to 
provide additional flex to deck 50. 

Deck 50 is also supported by an array of 
resilient members 100 mounted on crossbars 60 
and 62 and at each end by a set of resilient 
members 102 mounted to crossbars 58 and 64. 
Through the use of the resilient members 100 and 
102, the deck 50 is permitted to flex when stepped 
upon, resulting in lower impact loads on the user's 
feet. As shown in FIGS. 38. two of the resilient 
members 100 are positioned on each of the cross- 
bars 60 and 62. 

As further shown in FIGS. 3A and SC. each end 



of deck 50 is secured to two of the resilient mem- 
bers 102. Resilient members 102 provide a down- 
ward flex as a load resulting from the impact of a 
treadmill user's feet on deck 50. Resilient members 

5 102 become compressed as the load is placed on 
deck 50. with potential energy in the direction 
opposite the direction of compression being stored 
in the compressed resilient memt)ers 102. Although 
downward flex of the ends of deck 50 is desired. 

10 too much downward flex is undesirable because as 
the user strides on the treadmill 10, the load is 
alternatively placed on and taken off of deck 50. As 
the load is taken off of deck 50, the potential 
energy stored In the resilient members 102 forces 

75 the deck upwards. 

To partially control downward flex, resilient 
members 103 are aligned with and placed under- 
neath resilient members 102. Resilient members 
103 tend to bias the deck 50 upwards and to limit 

20 downward flex of deck 50. creating a smoother 
surface for the treadmill user. Further, resilient 
members 103 may be assembled in a partially 
compressed position which assists in biasing the 
deck 50 upwards. Resilient members 103 are pref- 

25 erably of the same construction as resilient mem- 
bers 102. 

The resilient members 100 and 102 can be 
secured to crossbars 58. 60. 62 and 64 by one of a 
variety of methods. The members 100 are prefer- 

30 ably secured to the deck 50 by a flat head, coun- 
tersunk bolt 105 extending vertically through the 
top surface 51 of deck 50 and through the t>ore 95 
on the upper portion of the me^noers 100, as 
illustrated in FIGS. 2A. 28 and 14. A nut 97 on bolt 

35 99 secures members 100 to deck 50. In this em- 
bodiment, the lower portion of each member 100 is 
not connected to the crossbars 60 and 62. thereby 
permitting the deck 50 to be free-floating relative to 
the crossbars 60 and 62. The resilient members 

40 102 and 103 connected to the crossbars 58 and 64 
can be made of the same material as resilient 
members 100 and may have a different configura- 
tion than members 100. preferably a generally cy- 
lindrical or post configuration, with a fastener re- 

45 ceiving bore (not shown) substantially aligned along 
their centerlines for receiving fastener 100. Alter- 
natively, in place of members 100. 102 and 103, 
springs such as leaf or coil springs or tension bars 
can be used to perform this support function for 

50 deck 50. 

Although four resilient members 100 are shown 
in FIGS. 3B, more or less of the members 100 can 
be provided. As a general rule, the resiliency of 
flex of the deck 50 can be reduced by providing 

55 more resilient members 100 to support the deck 
50. For example, if three sets of two resilient mem- 
bers 100 are provided instead of two sets of two 
resilient members 100 or by adding another cross- 
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bar with two additional resilient members, deck 50 
would have slightly less flex during nonmal opera- 
tion of the treadmill 10. 

The resilient members 100. 102 and 103 can 
be made from any suitable material, including poly- 
styrene, polycarbonate, polyurethane, polyester, or 
mixtures thereof, and are preferably made of poly- 
phenlyene oxide. TECSPAK® bumpers, made by 
EFDYN. a division of Autoquip Corporation of Guth- 
rie. Oklahoma, and made of an EFDYN proprietary 
material including polyurethane and DuPont 
HYTREL® (polyester elastomers) have been espe- 
cially useful as resilient members 100. although 
any other suitable material may be used. In the 
preferred embodiment, the resilient members 100 
have a free, uncompressed height in the range of 
1.50 to 3 inches and the hardness of the material Is 
preferably in the range of shore 30A to shore 8A; 
the resilient members also have a compressed 
height in the range of 0.5 to 2 inches. As illustrated 
in the FIGS. 3B and 14. the members 100 have a 
generally elliptically shaped configuration, prefer- 
ably having a diameter in the range of about 0.5 to 
1.0 inches. 

Deck 50 is also preferably assembled into po- 
sition to be convex or crowned in the longitudinal 
direction (not shown). Specifically, the front and 
rear ends of deck 50 are assembled to be lower 
than the middle portion. Deck 50 is rigidly attached 
into place first at either the front end or the rear 
end of the treadmill. Deck 50 is then warped into 
place and attached to the other end of the tread- 
mill, to have a crown in the middle of deck 50. 
Deck 50 is provided with a length slightly greater 
than the distance between the front and rear at- 
tachments of deck 50 to crossbars 58 and 64, 
respectively, so that it can be so assembled. Deck 
50 is provided with a crown to provide an additional 
measure of upward deflection of deck 50 when a 
load is placed on deck 50 since the load from the 
feet of the treadmill user is typically placed on the 
middle portion of the deck 50. Further, the crown- 
ing of deck 50 increases its fatigue life because the 
overall deflection of the deck from the centerline is 
reduced. 

As can be seen from FIG. 2B. 38 and 3C, the 
rear belt pulley 28 is rotated by a motor 104 during 
normal operation of the treadmill 10. Motor 104 is 
mounted to plate 105 by conventional means, plate 
105 being mounted to crossbar 62. The rear pulley 
28 is rotated by the motor 104 using a toothed 
drive belt 106 engaged with a complementary 
toothed sprocket 108 integrally molded on the out- 
er end of cap 38, The motor 104 is preferably a 
variable speed A.C. induction motor having an 
electrical speed controller. Motor 104 has a toothed 
sprocket 109 secured to the motor shaft 110. A 
speed reducing transmission or drive indicated 



generally at 111 is used to connect pulley 28 to 
motor 104. By using the speed reducing transmis- 
sion 111. it is possible to use a smaller, less 
expensive motor 104. The motor 104 Is connected 
5 to a reduction pulley 112 by drive belt 113. A 
toothed sprocket 114 is attached to the same shaft 
and bearing assembly 115 as gear 112 and en- 
gages toothed drive belt 106. 

Although the pulley drive arrangement includ- 
10 ing motor 104 and the speed reducing transmission 
1 1 1 is shown as being engaged to the rear pulley 
28. a similar arrangement can alternatively be used 
to drive the front belt pulley 22. As discussed 
below, the speed at which rear pulley 28 is rotated 
75 is controlled by microprocessor 300 through motor 
104. by varying the voltage and frequency to the 
electric controller of motor 104. The speed Is ad- 
justable from controls on panel 18. With this ar- 
rangement, it is therefore possible to vary the belt 
20 20 speed at various times during the exercise 
routine, such as to perform a predetermined ex- 
ercise profile. 

An idler pulley 116 is also placed intermediate 
transmission 111 and rear pulley 28 along the 
25 upper length of drive belt 106. Idler pulley 116 is 
supported on axle and bracket assembly 117. se- 
cured to crossbar 64. Idler pulley 116 eliminates 
slack from drive belt 106 and allows for better 
traction between drive belt 106 and rear pulley 28 
30 since a greater circumference of rear pulley 28 is 
contacted with drive belt 106. 

Further, a speed sensor 118, illustrated in 
FIGS. 28 and 3C, is operatively connected to shaft 
115 of transmission 107. Sprocket 119 is similarly 
35 notched around its circumference, and is mounted 
for rotation with shaft 115. The circumference of 
sprocket 119 is aligned to move through optical 
reader 120. which measures the number of notches 
121 which pass thereby. A pulse for each passing 
40 of a notch 121 is registered, and a signal is sent to 
the microprocessor 300. The speed of belt 20 is 
therefore calculated by the microprocessor from 
the measurement of the number of pulses per 
given time period. 
45 An alternative embodiment for speed sensor 

lis', partially illustrated in FIG. 15, is provided on 
idler pulley 116 to indirectly measure the speed of 
the treadmill belt (and consequently the speed of 
the treadmill user). An end of idler pulley 116 has 
50 two magnets 122 and 122 mounted thereon. The 
magnets 122 and 122' are mounted along a line 
passing through the center point of that axle on 
which idler pulley 116 rotates and are positioned 
equidistant from the center point. The two magnets 
55 122 and 122' are mounted so that during a point of 
the rotation of idler pulley 116. each becomes 
aligned with a Hall effect sensor (not shown). Each 
time either magnet 122 or 122' is aligned with the 
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Hall effect sensor, a pulse is registered from the 
change in magnetic flux to the Hall effect sensor 
and a signal is sent to the microprocessor 300. The 
speed of belt 20 is therefore calculated by the 
microprocessor from the measurement of the num- 
ber of pulses per minute. The use of two magnets 
122 and 122' at opposite sides of each other on 
idler pulley 116 allows for more accurate measure- 
ment of the speed than if only one magnet were 
used. Further, the use of the two magnets 122 and 
122' allows for the more accurate calculation of 
acceleration, If desired. 

Although the pulley drive arrangement includ- 
ing motor 104 and the mechanical transmission 
1 1 1 is shown as being engaged to the rear pulley 
28. a similar arrangement can alternatively be used 
to drive the front pulley 22, However, the use of 
motor 104 to drive the rear pulley 28, and the 
mounting of motor 104 Intermediate the front pulley 
22 and rear pulley 28 within treadmill enclosure 
portions 12 and 12' accrues several novel advan- 
tages. Known designs of treadmills have not placed 
the drive motor intermediate the front and rear 
pulleys because the size of the drive motor was too 
large to be placed intermediate the smaller sized 
pulleys. Previously known arrangements housed 
the drive motors in an appendage enclosure of 
generally greater height than the rest of the tread- 
mill enclosure to accommodate the motor size. 
Placement of the motor 104 as illustrated elimi- 
nates the need for an appendage enclosure of 
greater height. 

Further, a slack portion on the belt 20 is elimi- 
nated by a rear pulley drive arrangement compared 
to a front pulley drive arrangement. Specifically, 
with a front pulley drive arrangement, a slack por- 
tion would tend to develop on the upper or running 
length of the belt since the front pulley was pulling 
the bottom surface of the belt towards the front of 
the treadmill. The slack portion would tend to in- 
crease wear of the belt. With the rear pulley drive 
arrangement, the same effect of the pulley is seen 
but with the slack portion appearing on the bottom 
length of belt and the upper length at the belt 
being relatively taut. The treadmill user is therefore 
not stepping on a relatively slack section of belt 20, 
which increases fatigue life and increases smooth 
operation of treadmill 10. 

Returning to the description of the support 
mechanism for deck 50 as shown in FIGS. 2A-B. 
the back portion of deck 50 is attached to crossbar 
64 with an angle iron 123. Angle iron 123 is se- 
cured to crossbar 64, and is also attached between 
resilient members 102 and 103 by fasteners 101. 
Second angle iron 124 extends between resilient 
members 102 supporting the back portions of deck 
50, and is positioned between the top of resilient 
members 102 and deck 50. 



At the front end of deck 50. third angle iron 
132 rests t)etween the resilient members 102 and 
103 and is secured to the crossbar 58. Fourth 
angle iron 130 extends tjetween resilient members 

5 102 and is also attached to resilient members 102 
and 103 by fasteners 101. Fourth angle iron 130 is 
positioned between the top of resilient members 
102 and deck 50. In turn, the fourth angle iron 130 
is also attached to crossbar 58 through linkage 

10 assemblies indicated generally at 134 and 136. 
Further, members 54 and 56 are attached to fourth 
angle iron 130 by pins or rivets 128, as shown in 
FIG. 3A. 

The linkage assemblies 134 and 136 include 

15 blocks 138 and 140. respectively, that are attached 
to fourth angle iron 130 by any suitable means. 
Blocks 138 and 140 are cooperatively attached to 
stationary blocks 142 and 144 through a pair of 
links 146 and 148. respectively. Stationary blocks 

20 142 and 144 are attached to the crossbar 56. When 
weight is placed on deck 50, the front portion of 
deck 50 will flex downward under the weight. The 
links 146 and 148 allow the deck 50 to flex down- 
wardly and in a forward direction. Blocks 138 and 

25 140 also move downwardly and slightly forward, 
while stationary blocks 142 and 144 remain station- 
ary. The purpose of the linkage assemblies 134 
and 136 is to provide additional flexure and to 
permit forward movement of the deck 50 during 

30 operation of the treadmill. 

As illustrated in the Figures generally, and in 
particular FIGS. 2A, 3A and 4. a lift or inclination 
mechanism indicated generally at 150 for the 
treadmill 10 is provided to permit inclination of the 

35 deck 50. Lift mechanism portions 152 and 152 are 
similarly constructed with tike reference numerals 
referring to like parts. In FIG. 2A. lift mechanism 
t52 includes an internally threaded sleeve 154 
welded or otherwise permanently attached to a 

40 sprocket 156. When sprocket 156 is rotated, the 
sleeve 154 wilt travel upward or downward depend- 
ing on its direction of rotation on a non-rotating, 
threaded screw or post 158, The screw 158 is in 
effect forced downward against the floor F resulting 

45 in the raising of the front portion of treadmill 10 
when, for example, the sprockets 156 are rotated in 
a first direction. As illustrated in FIG. 2A. screw 158 
extends upwardly through enclosure 12. Shroud 
159 conceals the screw 158 from the user for 

50 safety and aesthetic reasons. Shroud 159 is at- 
tached at its lower end to enclosure 12 and at its 
upper end and or at its sides to side post 1 4. 

Rollers 160 and I60' can also t>e rotatably 
attached to the lower end of non-rotating screws 

55 158 and 158*. respectively. As the roller 160 is 
forced downward against the floor F. the treadmill 
10 will roll slightly to compensate for the inclination 
of the treadmill 10. The inclination of treadmill 10 is 
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thereby facilitated by this slight movement of roller 
160, Rollers 160 and 160' are rotatably secured 
together on axle assembly 161, with axle assembly 
161 being secured to screws 158 and 158 by 
brackets 163 and 163', respectively. 

Because the frame 26 is attached through a 
bracket 162 and bearing assembly 164 to sleeves 
154, as sleeves 154 are rotated downwardly on the 
screw 158. the frame 26 will incline in an upward 
direction. The lift mechanisms 152 and 152' are 
located substantially opposite each other on either 
sides of the treadmill 10. Both lift mechanisms 152 
and 152 are operatively connected to an inclina- 
tion motor 166. Sprockets 156 and 156' are at- 
tached to sleeves 154 and 154' at the same height 
so that a chain 168 can both be operatively con- 
nected to the motor 166 by a sprocket 170. Chain 
168 is formed in a serpentine arrangement on 
sprockets 156 and 156'. motor sprocket 170 and 
guide sprocket 171. The motor 166 Is mounted on 
a base plate 172. which extends between crossbar 
58 and mounting plate 174. Mounting plate 174 
itself extends between frame portions 26 and 26 . 
By this an'angement. the motion upward or down- 
ward on both non-rotating screws 158 and 158 will 
be the same, and as a result both sides of the 
treadmill 10 will be inclined to the same degree. 

Any suitable inclination can be achieved by lift 
mechanisms 152 and 152'. preferably in the range 
of zero to eighteen percent. As discussed below, 
the degree of inclination desired by the treadmill 
user may be controlled within the predetenmined 
range by controls on panel 18. 

The degree of inclination chosen by the tread- 
mill user is further controlled by a potentiometer 
176 connected to microprocessor 300. Potentiom- 
eter 176 Is attached to frame 26. Potentiometer 176 
also comprises a gear 178 which is mounted to 
travel up or down screw 158 as treadmill 10 be- 
comes more or less inclined, respectively. The 
rotation of gear 178 therefore is used to calculate 
the degree of inclination as discussed below. Addi- 
tionally, limit switches (not shown) which sense the 
upper and lower degrees of inclination, respectively 
in a known arrangement. The limit switches are 
mounted to screw 158 which are activatable by 
sleeves 154 respectively when the sleeves move 
into contact therewith. The limit switches are there- 
fore a redundant inclination sensing device to po- 
tentiometer 176. Once the maximum upper or low- 
er degree of inclination is reached as sensed by 
either potentiometer 176 or the limit switches, the 
microprocessor shuts off motor 166. 

An impact sensing mechanism 180, illustrated 
in FIGS. 7 and 8, is used to provide a measure- 
ment of the relative impact force of the user's feet 
on deck 50. Impact sensor 180 is preferably pro- 
vided at or near the midpoint of deck 50 and is 



mounted substantially horizontally on crossbar 62 
and Includes a deflection arm 181 which is resil- 
iently biased by spring 182 against the lower sur- 
face of the deck 50. A pair of rubber or plastic 
s elements 183 are mounted on the end of the arm 
181 in contact with the lower surface of the deck 
50. By this arrangement, as the deck 50 flexes 
downwardly when the user's feet impact the deck, 
the arm 181 will also be deflected downwardly. The 
70 arm 181 Is configured with a U-shaped portion 182 
which contains a pair of magnets 184 and 184 . As 
shown in FIG. 8. the magnets 184 and 184' are 
mounted in a substantially vertical array on op- 
posite sides of the U-shaped portion 182. 
75 The impact sensor 180 also includes a cantlle- 

vered sensor support member 185 that is rigidly 
secured to crossbar 62. Mounted on the free end 
of the support member 185 is a Hall effect sensor 
element 186 which is used to detect the position of 
20 the free end of the arm 1 81 relative to the station- 
ary sensor support member 185. As shown in FIG. 
8. the Hall sensor element 186 is positioned sub- 
stantially along the same vertical line as the mag- 
nets 184 and 184'. The Hall effect sensor element 
25 186 is effective to detect changes in magnetic flux 
generated by magnets 184 and 184' and translates 
these changes into an electrical signal. Therefore, 
when the deck 50 (and consequently arm 181) 
flexes downwardly, the position of the sensor ele- 
30 ment 186 relative to magnets 184 and 184' will 
change and an analog electrical signal is generated 
by the sensor element 186 that represents the 
deflection of the deck 50. Also attached to the 
sensor support member 185 is a printed circuit 
35 board 187 that contains various electronic circuit 
elements which are effective to transmit a filtered 
version of the Hall effect sensor signal to the 
microprocessor 300 where a resident analog to 
digital converter converts the analog signal into a 
40 digital signal that represents the deflection of the 
deck 50. In the preferred embodiment of the inven- 
tion, this digital deflection signal Is sampled every 
5 milliseconds and the value is stored in the mem- 
ory of the microprocessor 300. Once, each 1.5 
45 second period the maximum value of the digital 
deflection signals stored in memory is identified by 
the microprocessor 300 and used to calculate the 
impact force. 

in particular, the microprocessor 300 uses the 
50 maximum deflection value to calculate the impact 
force by comparing the measured deflection with 
corresponding force values, such as set forth in 
FIG. 9. FIG. 9 has along its X-axis values repre- 
senting the deflections of the deck 50 in inches 
55 and. along the Y-axis, corresponding impact force 
values in pounds. These impact force values can 
be derived by calculating the force required to 
compress the resilient members 100 in combina- 
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tion with the force required to deflect the deck 
member 50. Alternatively, these force/deflection 
values may be determined empirically. 

Computation of the impact force by the micro- 
processor 300 can be simplified by forming linear 
approximations of the curve "A" shown in FIG, 9 
and using linear equations to calculate the Impact 
force for each deflection value. As an example, the 
curve in FIG. 9 can be approximated by the follow- 
ing linear equations: for 0.0 to 0.4 inch deflections, 
y = 400x (Illustrated as line "B"): and for 0.4 to 0.9 
inch deflections, y = 640x - 96 (illustrated as line 

Once the impact force value is calculated by 
the microprocessor 300. normalized impact force 
value based on the user's weight can be cal- 
culated. Specifically, before or during use of the 
treadmill, the user enters his weight via the control 
panel 18 into the memory of the microprocessor 
300. The impact force value is then divided by the 
user's weight by the microprocessor 300 to yield a 
normalized or relative impact force value. 

In one embodiment of the invention, the result- 
ing relative impact force value is displayed graphi- 
cally to the user on the vacuum fluorescent display 
376 of FIG. 16. Two examples of the use of display 
376 to display relative impact force values are 
illustrated in FIG. 17. In the upper example of the 
display 376 in FIG. 17. the left hand portion in- 
dicated at 188 is used to display the word "LOW." 
and the right hand portion indicated at 189 is used 
to display the word "MED" with a 14-segment bar 
graph 190 generated between the illuminated 
words "LOW and "MED." The greater the relative 
impact force value, the more segments 190 are 
Illuminated. In the preferred embodiment, the dis- 
play in RG. 17 is autoscaled by the microproces- 
sor 300 into two ranges so that when the relative 
impact force is between 0.8 and 1.75, "LOW" and 
"MED" are displayed, and when the relative impact 
force is between 1.75 and 3.0. the words "MED" 
and "HI" are displayed at the left hand portion 188' 
and at the right hand portion 189* of display 376 as 
shown in the lower example of FIG. 17. As the 
relative impact force in each range increases, the 
number of illuminated segments 190 are increased 
from left to right. In this embodiment, the relative 
impact force is displayed on the display 376 only 
during the actual operation of the treadmill 10 after 
operating instructions have been displayed; the 
user has entered his weight and selected an ex- 
ercise program and the speed of the belt 20 has 
reached 4.0 miles per hour. 

As an alternative, the user can be provided 
with a graphical display of relative impact force by 
a vertical column of, preferably, ten LEDs 192 as 
shown on the panel 18 of FIG. 16. The autoscaled 
range effect can be simulated by using tri-colored 



LEDs where for example green would indicate the 
low scale, yellow would indicate the medium scale 
and red would indicate the high impact scale. Cor- 
responding to the previously descrit)ed vacuum 

5 fluorescent display 376, the individual LED seg- 
ments in the display 192 would be illuminated from 
bottom to top as the relative impact force increased 
within each scale. 

Calibrating the impactor sensor is accom- 

10 plished in the preferred embodiment as shown in 
FIG. 8 by utilizing a calibration screw 189 which is 
threaded into the arm 181. The end of the screw 
189 abuts the sensor support member 185 and 
calibration is accomplished by rotating the screw 

15 sufficiently to move the arm 181 downwardly in 
0.125 inch increments. The digital value of the 
signal from the Hall effect sensor 186 is recorded 
in a table in the memory of the microprocessor 300 
for each 0.1 inch increment. This table is then used 

20 by the microprocessor 300 to determine from the 
digital deflection signals the actual deflection of the 
deck 50. 

A belt position sensing mechanism such as 
200 or 200' as shown in FIGS. 10-13 can be used 
25 to provide for positive lateral tracking of the belt. 
As a result, the belt is prevented from laterally 
sliding too far to one side of the pulley so that it 
contacts a frame member or other portions of the 
structure, resulting in a reduction of wear or dam- 
00 age to the belt. This arrangement also decreases 
the sensitivity of the belt to improper adjustment 
and side loading for which the lateral position of 
the belt is corrected. The belt position sensing 
mechanism 200 or 200' senses the position of the 
35 belt, and a front pulley pivoting mechanism in- 
dicated at 202 laterally moves the belt back into 
proper position. 

The belt position sensing mechanism 200 or 
200' is capable of sensing whether the belt 20 has 
40 laterally moved too far to either the right or the left, 
or whether the belt 20 is positioned within a proper 
range of positions for normal operation. The belt 
position is measured by the position of one lateral 
edge of the belt, the same edge being used to 
45 measure the left and right lateral movement off the 
belt 20. If the belt 20 has moved too far to the left 
so that the edge of the belt is out of the proper 
range, the belt is laterally moved to the right to- 
wards and into the proper range by the mechanism 
50 202. Similarly, if the belt 20 has moved too far to 
the right so that the edge of the belt is out of the 
proper range, the belt 20 is laterally moved to the 
left towards and into the proper range. 

The preferred embodiment of the l^elt position 
55 sensing mechanism 200 is illustrated in FIGS. 11- 
12. and can be located along an edge of the upper 
or lower surface of belt 20. Preferably, the belt 
sensing mechanism 200 or 200' is located along an 
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edge of the lower run of belt 20, and Is preferably 
mounted on the left, lower front portion of the belt . 

20. 

Belt position sensing mechanism 200 is moun- 
ted on a bracket 204 which is attached to the frame 
portion 26. Belt sensing mechanism 200 of FIG. 11 
is similar in design and operation to the impact 
sensing mechanism 180 of FIGS. 7 and 8 dis- 
cussed above. Belt sensing mechanism is cali- 
brated with screw 203. as described above in con- 
nection with impact sensing mechanism 180. 

The sensing mechanism 200 includes a sensor 
arm 201 with a rubber or plastic element 205 
biased towards belt 20 by a torsion spring 206. 
Alternatively, a pin (not shown) could be used in 
place of element 205. the pin would extend verti- 
cally downward and resiliently biased towards belt 
20- With this arrangement, the element 205, and 
hence the arm 201. will effectively track the belt 20 
as it moves from side to side. 

The sensor arm 201 includes a U-shaped por- 
tion 207 containing a pair of magnets 208 and 208 . 
As shown in FIG. 11. the magnets 208 and 208 
are mounted in a substantially horizontal array at 
opposite ends of the U-shaped portion 207. 

The sensing mechanism 200 has a sensor sup- 
port member 209 which is rigidly mounted to 
bracket 204, and which is stationary with respect to 
the sensor arm 201. At the free end of member 
209, a Hall effect sensor 210 positioned substan- 
tially in alignment with the magnets 208 and 208 . 
As is conventional, sensor 210 detects changes in 
magnetic flux generated by the magnets 208 and 
208 and translates these changes into an electrical 
signal. Therefore, when the belt 20 (and conse- 
quently sensor arm 201) is within the proper range, 
a predetemiined electrical signal is generated by 
sensor 210. As belt 20 (and consequently sensor 
arm 201) moves out of the proper range, the mag- 
netic flux changes as sensor 210 moves relative to 
the magnets 208 and 208', producing different 
electrical signals. Sensor 210 is connected to 
microprocessor 300 via a printed circuit board 21 1 
which serves to condition the position signals gen- 
erated by the Hall effect sensor 210. As will be 
described below, the signals from the sensor 210 
can be used by the pivoting mechanism 202 to 
keep the belt 20 within a desired range. 

As discussed above, if the belt 20 moves either 
to the left or right, sensor arm 201 travels with the 
belt 20. The movement of sensor a^rm 201 can be 
divided into three ranges, illustrated with respect to 
the alternative embodiment in FIG. 12. Specifically, 
there is a range of movement, illustrated in FIG. 12, 
that is "proper," labelled as range "a", and no 
correction is necessary. If sensor arm 201 moves 
either left, labelled as range "b". or right, labelled 
as range "c", out of the proper range, correction of 



the lateral position of the belt is necessary. 

In an alternative embodinnent, illustrated in FIG. 
13, sensing mechanism 200' has sensor arm 206 
with an elongated portion 208, a vertically down- 
5 ward extending leg 210 attached to one end of 
elongated portion 208 and a vertically upwardly 
extending leg 212 attached to the opposite end of 
elongated portion 208. Sensor arm 206 is substan- 
tially cylindrical at all portions. As seen in FIG. 13. 
10 upward leg 212 Is mounted for rotation on beam 
204. Beam 204 is secured to the frame portion 26. 
Upward leg 212 extends through bushing 214. hav- 
ing a cylindrical sleeve 216 therethrough. Cap 218 
and washer 220 are connected to the uppermost 
15 end of upward leg 212, with cap 218 partially 
extending into bore 216. A torsion spring 224 Is 
chosen of sufficient length so that it is partially 
compressed between the bottom of bushing 214 
and the bend between upward leg 212 and elon- 
20 gated portion 208. Sensor arm 206 is therefore 
biased towards belt 20 by torsion spring 224. and 
downward leg 210 contacts and is biased against 
belt 20. By this arrangement, when belt 20 moves 
to the right, downward leg 210 is still biased 
25 against belt 20, and when belt 20 moves to the left, 
downward leg 210 is pushed outward against the 
torsion spring 224. 

The detection of whether the sensor arm 206 
has moved out of the proper range is accom- 
30 plished by a dual Hall effect sensor 226. Hall effect 
sensor 226 is used to detect the position of sensor 
arm 206 by using dual sensors 228 and 228, 
connected to a printed circuit board 230. Printed 
circuit board 230 is directly mounted on the cross- 
35 member 204 and sensors 228 and 228 are at- 
tached to the lower end of board 230. Sensors 228 
and 228' are positioned to be aligned substantially 
along the same horizontal line on board 230. Mag- 
nets 232 and 232' are held in cup 234 placed on 
40 sensor arm 206 and are positioned on opposite 
sides of sensors 228 and 228'. As is conventional, 
sensors 228 and 228 detect changes in magnetic 
flux around them and translate these changes into 
changes in electrical current. Therefore, when the 
45 belt 20 (and consequently sensor arm 206) is with- 
in the proper range, a predetermined electrical 
signal is generated by sensors 228 and 228 . As 
belt 20 (and consequently sensor arm 206) moves 
out of the proper range, the change of magnetic 
50 flux changes as sensors 228 and/or 228' move out 
from between magnets 232 and 232', translating 
into a different generated electrical signal. The 
printed circuit board 230 is connected to micropro- 
cessor 300. As the lateral position of belt 20 is 
65 being corrected, the Hall effect sensor 226 is used 
to determine whether the belt 20 is within the 
proper range. If the belt 20 is back within the 
proper range, the microprocessor 300 takes no 
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further action in correcting the lateral position of 
belt 50. 

If the lateral position of the belt 20 is to be 
corrected, the microprocessor 300 operates front 
pulley pivoting mechanism 202, as discussed be- 
low. As shown in FIGS. 2A. 3A. 4 and 10. front 
pulley pivoting mechanism 202 is used to pivot one 
end of front pulley 22 either towards the front, or 
towards the rear of treadmill 10. Specifically, one 
end of front axle 24 is placed into pivot block 242 
which Is preferably located at the right end of front 
axle 24. as illustrated in FIG. 3A. Pivot block 242 is 
attached to frame 26 by pivot pin 244. As front 
pulley 22 pivots, pivot block 242 also pivots. The 
opposite, left end of front axle 24 is therefore 
moved to pivot the front pulley 22. The left end of 
the front axle 24 is placed into guide block 246. As 
guide block 246 is made to move towards the front 
of treadmill 10. front pulley 22 also pivots fon^rard; 
as guide pivot block 246 is made to move towards 
the rear of treadmill 10. front pulley 22 also pivots 
rearward. 

The pivoting of front pulley 22 is used to cor- 
rect the lateral position of belt 20 in a known 
manner. If belt 20 is moving too far to the left, the 
front pulley 22 is pivoted towards the front of 
treadmill 10. If belt 20 is moving too far to the right, 
the front pulley 22 is pivoted towards the rear of 
treadmill 10. Since the t>elt 20 will tend to move 
towards the lateral direction where belt tension is 
lower, the front pulley 22 will be pivoted to create a 
slack on the side of the belt 20 towards which 
lateral movement of the belt is desired. 

Movement of guide block 246 is controlled by 
a tracking motor 248, attached to the frame portion 
26. Long threaded bolt 250 is attached to motor 
248 and extends longitudinally towards the front of 
treadmill 10. Guide block 246 is moved by rotation 
of bolt 250, which extends through nut 252 in guide 
block 246; bolt 250 is attached to guide block 246 
by fastener assembly 254, depending on the rota- 
tion of bolt 250. If guide block 246 is to be moved 
towards the front, motor 248 rotates the bolt 250 
clockwise, and if guide block 246 is to tDe moved 
towards the rear, motor 248 rotates the bolt 250 
counterclockwise. As discussed below, micropro- 
cessor 300 causes motor 248 to rotate bolt 250 for 
a predetermined rotation to move guide block 246 
for a predetermined distance, resulting in the de- 
sired pivot. 

As belt 20 begins to move in the desired 
direction, guide block 246 is moved back to its 
starting position, substantially transverse across 
treadmill 10, by rotating bolt 250 in the opposite 
direction. 

FIG. 16 is a functional block diagram illustrating 
the preferred embodiment of an electronic system 
using a computer or microprocessor 300 to control 



the various functions of the treadmill 10. Preferably 
the computer 300 is composed of a pair of inter- 
connected Motorola 6805 or 68 HCl 1 microproces- 
sors. As previously described, the belt 20 Is driven 

5 by the rear pulley 28 which in turn is driven 
through the transmission 114 by the A.C. motor 
104. The speed of the motor 104. and hence the 
belt 20. is controlled by the computer 300 through 
the application of control signals from the computer 

10 300. Single phase 110 volt A.C. power is applied to 
the A.C. belt drive motor 104 from a conventional 
A.C. power source, functionally shown at 304, over 
an A.C. power line 306 which is connected to a 
terminal of the A.C. power source 304. As pre- 

75 viously indicated, the A.C. motor 104 is mechani- 
cally connected to the rear pulley 28, as function- 
ally represented by a shaft 302, and is effectively 
controlled by digital signals from the computer 300 
transmitted over a line 308. Specifically, the line 

20 308 is used to provide a speed signal to an A.C. 
motor controller 310 which in turn admits the A.C. 
current on the line 306 to the motor 104. In the 
preferred embodiment the A.C. motor 104 and con- 
troller 310 are combined in a Emerson 

25 Electric horsepower motor-control- 
ler unit. In this embodiment, the A.C. motor control- 
ler 310 accepts digital speed signals from the 
computer 300 over the line 308 and alters the 
frequency and voltage of the A.C. current to the 

30 motor 104 in such a manner to cause the motor 
104 to rotate at the desired speed. In addition, 
on/off motor signals can be transmitted to the con- 
troller 310 over a line 312 from the computer 300 
and signals indicating the operating condition of the 

35 controller 310 are transmitted over a line 314 to the 
computer 308. 

FIG. 16 also illustrates the operation of a sys- 
tem for sensing the speed of the belt 20. The 
speed sensor 121 senses the rate of rotation of the 

40 pulley 116 shown in FIGS. 3C and 11 and provides 
a series of pulses to the computer over a line 322 
which represents the speed of the belt 20. 

Control of the speed of the belt 20 by the 
computer 300 is provided in the preferred emtx)di* 

45 ment of the invention in the following manner. The 
computer 300 compares the actual speed of the 
belt 20 as measured by the speed sensor 121 to a 
desired value. If the actual speed differs from the 
desired value, the computer 300 transmits the ap- 

50 propriate speed signal over line 308 to the control- 
ler 310 to adjust the speed of the motor 104 to the 
desired value of treadmill 10. An additional feature 
which can be included is the mechanical brake 
functionally represented by a box 316 inserted in 

55 the shaft 302. The object of the brake 316 is to 
prevent the rear pulley 28. and hence the belt 20. 
from moving when the motor 104 is off. Control of 
the brake 316 is provided by a signal from the 
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computer 300 over a line 318. 

Also functionally Illustrated in FIG. 16 is the 

belt tracking mechanism which includes the sensor 
226 that provides an indication of the lateral posi- 
tion of the belt 20 on the front pulley 28. Signals 
from the sensors 200 or 226 are transmitted as 
represented by a line 340 to the computer 300. 
Upon receipt of a left or right deflection signal from 
the tracl<ing sensor 226, the computer 300 will 
transmit appropriate control signals over a pair of 
lines 332 and 334 through interface 301 from lines 
331 and 333. respectively, to activate the tracking 
motor 248 which in turn causes the front pulley 28 
by means of the front pulley pivoting mechanism 
202 to pivot longitudinally in order to center the 
belt 20 on the pulley 28, A triac 336. an SPOT 
switch 338. a left limit switch LL and a right limit 
switch LR are inserted in the A.C. power line 306 
.ahead of the tracking motor 248. The tracking 
sensor 226 transmits a signal over a line 340 to the 
computer 300 which represents the lateral deflec- 
tion of the belt 20 on the pulley 28. In response, 
the computer 300, by means of a signal transmit- 
ted over the line 332 from the interface 301 . places 
triac 336 in a conducting state and switches the 
polarity of the SPOT switch 338 such that A.C. 
current is applied through either the LL or LR 
switch to drive the tracking motor 248 in the appro- 
priate direction to center the t>elt 20. Limit switches 
LL and LR also serve to effectively limit the amount 
of longitudinal travel of the axle 24 of the front 
pulley 28 by cutting off current to the tracking 
motor 248 when the predetermined limits are ex- 
ceeded. An indication of this condition is provided 
to the computer 300 by a current detecting resistor 
342 which is connected to the computer 300 by a 
line 344. 

Inclination of the treadmill 10 is controlled by 
the computer 300 in a similar manner. As pre- 
viously described, the inclination sensor or poten- 
tiometer 176 detects the inclination of the treadmill 
and transmits an inclination signal over a line 346 
to the computer 300. In response to the inclination 
signal on the line 346 the computer 300 applies 
control signals over a pair of lines 348 and 350 to 
control the inclination motor 166 so as to adjust the 
Inclination of the treadmill to the angle selected 
either by the user or an exercise program con- 
tained in the computer 300. This is accomplished 
by a triac 352 and a SPOT switch inserted In the 
A.C. power line 306. When it Is desired to increase 
or decrease the inclination of the treadmill 10. the 
triac 352 is placed in a conducting state by a signal 
on the line 348 and the A.C. current is transmitted 
through the SPOT switch 356 in response to a 
signal on line 350 and then through either an upper 
limit switch LU or a lower limit switch LD to the 
A.C. inclination motor 166. The computer 300 will 



switch off the triac 352 when it receives a signal 
over the line 346 indicating that the treadmill is at 
the desired inclination. Upper and lower limits of 
operation of the inclination motor 166 are provided 
5 by switches LU and LD which serve to disconnect 
the A.C. current on the line 306 inclination motor 
166 when predetermined limits are exceeded. An 
indication of this out of limit condition is transmitted 
to the computer 300 by a current detecting resistor 
70 356 over a line 358. 

As illustrated in FIG. 16, each of the A.C, 
motors 104. 166 and 248 are connected to a return 
power line 359 which in combination with the pow- 
er line 306 completes the A,C. circuit with the 110 
15 volt A.C. power source 304. 

Additionally connected to the computer 300 are 
the various elements of the control-display panel 
18. For simplicity the signals transmitted to and 
from the computer 300 to the control-display panel 
20 18 are represented by a single line 360. In the 
preferred embodiment of the invention the panel 18 
includes a large stop switch 362. which can readily 
be activated by a user, that is connected through 
the interface 301 to computer 300 by a line 361 
25 and a line 363, This switch 324 is provided as a 
safety feature and activation by the user will result 
in the computer 300 causing the A.C. belt motor 
104 to come to an immediate stop and can also 
activate the brake 316. 
30 A number of numeric displays are also In- 

cluded on the panel 18 including: an elapsed time 
display 364 which displays the elapsed lime of an 
exercise program controlled by the computer 300: 
a mile display 366 which displays the simulated 
35 distance traveled by the user during the program; a 
calorie display 368 which can selectively display, 
under control of the computer 300, a computation 
of the current rate of user calorie expenditure or 
the total calories expended by the user during the 
40 program; a speed display 370 representing the 
current speed in miles per hour of the belt 28 
which is transmitted to the computer 300 from the 
speed sensor 121 over the line 322; an incline 
display 372 representing the inclination of the 
45 treadmill 10 in degrees; and a terrain or a "hill" 
display 374 which is similar to the LED display 
disclosed in U. S. Patent 4.358.105. In the pre- 
ferred embodiment, the computer 304^ operating 
under program control will cause the treadmill to 
50 incline so as to correspond to the hills displayed on 
the terrain display 338. In this manner the user is 
provided with a display of upcoming terrain. A 
scrolling alpha-numeric vacuum fluorescent display 
376 is also provided for displaying operating 
55 instructions to the user, or as previously described, 
displaying relative impact forces. 

Along with the displays 364-376. the panel 18 
is provided with an input key pad 378 with which 
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the user can communicate with the computer 300 
in order to operate the treadmill 10 as well as 
program keys indicated at 380 to select a desired 
exercise program such as manual operation, a pre- 
detemnined exercise program or a random exercise 
program. In the preferred embodiment, incline and 
speed keys indicated at 382 on panel 18 can be 
used to override the predetenmined speeds and 
inclines of a user selected exercise program. 



Claims 

1 . An exercise treadmill, comprising: 

a frame structure (12.12 ) including two rotatable 
puileys(22,28). said pulleys being positioned sub- 
stantially parallel to each other; 
means (104) for rotating one of said pulleys; 
an endless, movable surface (20) looped around 
said pulleys to form an upper run and a lower run, 
said movable surface being rotated when one of 
said pulleys (22,28) is rotated; and 
support means (52) for providing support for the 
upper run of said movable surface including a deck 
member (50) secured beneath at least a portion of 
said upper run and a plurality of resilient support 
members (100.102.103) secured between^ said 
deck member and said frame structure (12,12 ). 

2. The exercise treadmill of Claim 1 wherein at 
least one of said resilient support members (100) 
has a generally elliptical configuration. 

3. The exercise treadmill of Claim 1 wherein at 
least one of said resilient support members 
(102.103) has a generally cylindrical configuration. 

4. The exercise treadmill of Claim 2 wherein at 
least one said resilient support members (102.103) 
has a generally cylindrical configuration. 

5. The exercise treadmill of Claim 1 wherein 
said resilient support members (102.103) are 
grouped in a plurality of sets of at least two of said 
members, said sets being arranged substantially 
parallel to the pulleys (22.28). 

6. An exercise treadmill, comprising: 
a frame structure (12,12 ); 

two rotable plastic pulleys (22,28) secured to said 
frame structure substantially parallel to each other, 
said plastic pulleys having an end diameter of in 
the range of about seven to nine Inches; 
means (104) for rotating one of the pulleys; and an 
endless, movable surface (20) looped around said 
pulleys, said movable surface being rotated when 
one of said pulleys is rotated. 

7. The exercise treadmill of Claim 6 wherein 
said pulleys (22.28) are configured out of a plastic 
selected from the group consisting of glass-filling 
polypropylene, polyphenlyene oxide, polystyrene, 
polycarbonate, polyurethane. polyester, or combi- 
nations thereof. 



. 8. The exercise treadmill of Claim 6 wherein 
said pulleys (22.28) have a cambered configuration 
(36) including a substantially cylindrical-shaped 
center portion (32) with conical ends (34.34 ) and 
5 further including a separate end cap (38) secured 
to one end of said conical ends. 

9. The exercise treadmill of Claim 8 wherein 
said rotating means includes a motor (104) and a 
gear belt (113) operatively connected to said motor 

70 and wherein one of said pulleys (22,28) includes a 
sprocket (108) molded on one of said end caps 
(38) operatively engaged with said gear belt. 

10. An exercise treadmill, comprising: 
a frame structure (12,12 ); 

75 two rotatable pulleys (22,28) secured to said frame 
structure substantially parallel to each other; 
an endless moveable surface (20) looped around 
said pulleys (22.28) to form an upper run and a 
lower run, said moveable surface (20) being rotated 

20 when one of said pulleys is rotated; 

means (200,200 ) for sensing the lateral position of 
said moveable surface on said pulleys (22.28); and 
means (202.300) for correcting the lateral position 
of said moveable surface on said pulleys. 

25 11. The exercise treadmill of Claim 9 wherein 

said lateral sensing means (200.200') includes a 
leg biased against an edge of the lower run of said 
moveable surface (20). with said leg capable of 
moving laterally with said moveable surface when 

30 said moveable surface moves laterally. 

12. The exercise treadmill of Claim 11 wherin 
said lateral sensing means (200.200 ) includes a 
Hall effect sensor (210) which is capable of detect- 
ing any lateral movement of said leg. 

35 13. The exercise treadmill of Claim 12 wherein 
said Hall effect sensor (210) transmits a signal to a 
microprocessor (300) capable of calculating the 
lateral position of said moveable surface (20). 

14. The exercise treadmill of Claim 13 wherein 
40 said microprocessor (300) is capable of controlling 

said means for correcting the lateral position of 
said moveable surface (20). 

15. The exercise treadmill of Claim 10 wherein 
said means for correcting the lateral position of 

45 said moveable surface (20) comprises means for 
pivoting one end of one of said pulleys (22.28) in 
the longitudinal direction. 

16. The exercise treadmill of Claim 15 wherein 
said pivoting means (202) comprises a first pivot 

50 block (242) capable of pivoting movement about a 
vertical axis into which one end of the axis of said 
pulley to be rotated is rotatably mounted, and a 
second block capable of limited relative longitudinal 
movement into which the other end of said pulley 

55 to be rotated is rotatably mounted, and further 
including means for moving said second block 
through said longitudinal movement. 

17. The exercise treadmill of Claim 15 wherein 
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said second block moving means is controlled by a 
microprocessor (300) which controls the pivoting 
movement of said pivoting pulley. 
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